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Abstract 
This paper presents the design of a solar mixed-use community and the analysis of its performance, in term of total 
energy consumption and potential energy generation. The sample community, assumed located in northern climate 
combines residential and commercial buildings. It forms a base-case scenario, as part of a wide scope research 
program aimed at assessing the effects of multiple design parameters on the performance of such neighbourhoods 
and the development of design guidelines for energy sustainable neighbourhoods. Residential buildings include 
single-family houses and apartment buildings, while the commercial amenities include a primary school, an office 
building, retail and a supermarket. Energy simulations indicate that detached and attached houses can achieve an 
energy positive status, while apartment buildings and offices are capable of supplying only a small portion of their 
energy consumption, due to limited available roof surface. While apartment buildings represent 69% of the total 
annual energy demand of the neighbourhood, they contribute just 51% to total energy generation. The community as 
a whole generates annually 63% of its energy demand. These results suggest that efforts at optimizing energy 
performance of such neighbourhoods should be focussed on medium- to high-rise buildings such as office and 
apartment blocks.
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
Mixed-use neighbourhoods are considered as crucial part of the strategy to achieve sustainable developments [1,
2]. Despite this fact, there is no systematic design and analysis of such neighborhoods. Moreover, comprehensive 
design guidelines for achieving high-energy performance mixed-use neighborhoods are sorely lacking. These 
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neighbourhoods, which may integrate combinations of retail, office, residential, recreation or other functions, offer 
several advantages such as reducing automobile dependence, combating sprawl and fragmentation of urban areas, 
promoting economic development and the integration of complementary functions [3].  
Application of solar access principles and passive solar design in the design of such neighbourhoods can form a 
first stage in the path towards high-performance, net zero energy and energy surplus neighbourhoods, through 
improved energy efficiency of buildings and the integration of electricity and heat generation technologies.  
The design of high performance mixed-use neighbourhood involves the investigation of possibilities of sharing 
resources, such as energy generation, and its balance with energy use, both at the level of individual buildings and 
among buildings. The development of strategies for the design of energy efficient neighbourhoods requires 
evaluation of the effects of various design parameters on the energy performance of individual buildings and of the 
neighborhood as a whole, The exploration of electrical and thermal energy storage and interaction of energy 
generation and consumption with the utility grid should form part of such program. 
This paper presents the design of a sustainable mixed-use community and the analysis of its energy performance, 
as part of a large scope research program aimed at assessing the effects on multiple design parameters on energy 
performance of such communities, and the development of guidelines for their design. This base case design is 
intended as a reference against which the effects of various design modifications are to be assessed. 
2. Design of the base case
The sample base case development illustrating the design procedure reflects a Northern cold climate and is
assumed as located in Calgary, Canada (52 °N). The neighbourhood design is based on guidelines of traditional 
neighbourhood developments (TND) [4], on the fused grid street system of the Canadian Mortgage and Housing 
Corporation (CMHC) [5], and on various design guidelines of shaping a sustainable neighbourhood (e.g. 
walkability, density, green land, (see below for details)). A TND, known as a village-style development, includes a 
variety of housing types, a mixture of land uses, an active center, a walkable design and often a transit option within 
a compact neighbourhood [4]. TND defines approximate land areas for each of the functions. 
The site layout, including the layout and design of the streets, as well as their overall area, is based on the CMHC 
fused grid system [5]. The fused grid can be a good basis for the design of a new solar neighbourhood, because it is 
designed to allow mixed use, densification, and efficient public transportation. The design process of this sample 
mixed-use neighbourhood is summarized in the following. The land area of 16 ha. (40 acres) is divided into 4 
quadrants with identical street and green areas design (Fig.1), based on the geometry of a ¼ mile (0.4 km) maximum 
walking distance from the development centre  [6]. The land partition employs a mixture of fused grid and TND 
designs, as follows: 
• The built area constitutes 64% of the land,
• Streets use about 24% of the land,
• The remaining 12% represents the green area.
• Residential buildings form about 80% of the total built area, with the remainder (approximately 20%)
occupied by commercial space and civic functions.
Figure 1, neighbourhood design 
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2.1. Density Design 
A variable residential density is adopted in the design of this mixed-use neighbourhood. The dense area (125 
units/ha) is designed around the centre of the development using 3-5 stories apartment blocks. The low-density areas 
consisting of single-family houses –detached, attached and in rows ௅ are located toward the outskirts (25-50 u/ha).  
The density is determined based on an assumption that the minimal number of residents in a viable mixed-use 
neighbourhood is 4000 [8]. The total number of residents is employed to determine the number of residential units, 
assuming an average of 4 persons per unit. The number of each of the residential building types is determined based 
on achieving the overall goal of 4000 inhabitants. A total of ca.1000 residential units are designed (180 houses and 
27 apartment buildings with varying number of apartments). 
Distance between the detached houses is determined to avoid mutual shading. As density increases, this distance 
is reduced in order to accommodate the desired density. The highest density occurs around the centre, where multi-
storey buildings and commercial facilities are located. In these central areas, two scenarios take place: in the 
northern portion of the development (Q1 and Q2, Fig.1), the highest multi-storey buildings are situated on the south 
and therefore they cast shade on the lower buildings; the opposite occurs in quadrants 2 and 3 (Q2 and Q3, Fig.1), 
where the lower buildings are situated on the south of the development, casting shadow on the tall buildings (lower 
portion). 
2.2. Building design 
Residential 
Two types of houses are designed, a detached house of a total of 180m2 and attached houses of 120m2. The area 
is based on average detached and attached houses in Calgary. Two-story house design is adopted for attached and 
detached houses, accommodating a single family of 4 members. The houses are designed to optimize passive solar 
design [9]. Low-rise multi-story buildings (3, 4 and 5- floors) are considered in this base case study. Apartments 
have a floor area of 110m2 (average apartment size in Canada [10]). A family of four members is assumed to occupy 
these residential units.  
Commercial buildings 
 The main commercial amenities included in the neighbourhood are: An office building, retail building and 
grocery store, in addition to a primary school. The commercial and civic functions are concentrated in the core of 
the development [7]. The total area allocated for commercial buildings is around 20% of the total built area. Below 
is a summary of the main design considerations for each of the commercial buildings employed in the study.  Figure 
2 illustrates a schematic of each of these buildings. 
• Office Building
No guidelines are available that assist in determining the office area needed in a neighbourhood with a given 
population. This is due to the large number of factors that should be considered in planning office areas for a 
development (e.g. type of business, area required for a business, local employees, etc.). For this hypothetic 
neighbourhood a mid-size 3-story office building of 3600m2  (i.e. 1200m2 per floor) is assumed. Assumptions for 
electrical loads are specified based on ASHRAE recommendations [12]. 
• Primary school
The single story 4500 m2 school building is designed to specifications for a primary school for a population of 
4000 persons.  This is based on an estimated number of pupils [8] and an average area of 11 m2 per pupil [11].  
• Supermarket and retail
The supermarket and the retail buildings are designed as single storey buildings of 1200m2 floor area, each. 
While average retail in Canadian cities can be estiamted on per capita base (for instance 1.5m2 per capita for Calgary 
[13]), there is no documentation on an acceptable size of a supermarket for a specific popuplation. For this study, 
where only 10-15% of the total land use is dedicated to commercial buildings, the area of retail is downsized to fit 
the concept of TND developmnet.  
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Figure 2,  Commercial buildings designed in the neighborhood 
2.3. Roof Design 
A gable roof design of 45° tilt angle is adopted for all houses.  A BIPV system is assumed to cover the complete 
south facing roof surface. In buildings of large plan area, the roof is designed as saw tooth, where PV is integrated 
on the south areas, at a tilt angle of 45°. The saw tooth design is implemented to reduce the overall height of the roof  
2.4. Simulations 
The neighbourhood is simulated using EnergyPlus in conjunction with SketchUp/ OpenStudio. Each residential 
unit is modelled as a single conditioned zone. For more rational energy simulations, commercial buildings are 
divided into several thermal zones. To simplify the simulations at this large scale, a simplified HVAC system is 
assumed. In this study heat pumps of fixed coefficient of performance of 4 are presumed to supplement heating and 
cooling in all buildings. Lighting and electrical loads in residential and commercial buildings are determined in 
terms of average load per m2, based on ASHRAE 90.1[12].  
3. Results and discussion
Total annual energy use is determined for each building type, and then for the neighbourhood as a whole, taking
into account the effect of mutual shading among buildings. The results are compared with the corresponding 
potential of buildings and the neighbourhood to generate electricity using integrated PV systems on available roof 
surfaces.  
The energy use of each building type and its potential electricity generation, as portion of the overall 
neighbourhood, are presented in the charts of Figure 3. The energy balance of each building type can be seen from 
the difference between the relevant generation and consumption figures. The results indicate that houses and some 
other single-story buildings with large roofs, such as the school, can achieve energy positive status. Multi-storey 
buildings generate only a fraction of their energy use. The total annual energy generation of the neighbourhood 
covers about 0.63 of its energy consumption.  
The monthly energy use of the neighbourhood versus its monthly energy generation is plotted in Figure 4, 
indicating that energy use during winter exceeds significantly generation, while in summer months (May through 
September) the electricity generated ranges between 60-70% of energy use. 
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Figure 3, Comparison of each building type to the overall neighborhood, (a) for energy generation potential, (b) for energy use 
Figure 4, annual energy use and energy generation of the neighborhood 
3.1. Peak demand-generation mismatch 
An important issue in the design of PV integrated neighbourhoods is the timing of electricity generation and its 
correspondence to energy demand. The graphs of Figure 5 present plots of energy use versus energy generation 
during a week in winter and a week in summer solstice. The plots show the mismatch between use and generation in 
the indicated weeks.  The winter higher peaks occur mostly in the morning hours, while in the summer week the 
peak is shifted to the afternoon. The winter illustration shows that although in some days it is possible to cover the 
energy use at noon, a large portion of the consumption in the morning and afternoon is not covered by the electricity 
generated by the south oriented BIPV systems. The plot depicting the summer week performance shows high peak 
generation at noon, that exceeds significantly the energy need. Similarly to the winter performance, morning and 
evening consumption are not met by the energy generation, though to a lesser extent.  
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Figure 5, energy use and generation of the neighbourhood (a) in a week in December, (b) in a week in June 
4. Concluding remarks and follow-on investigations
This paper presents a base case design of a mixed-use neighbourhood, comprising 1000 residential units, and
around 8000m2 of commercial and office area (including a primary school). The design is based on various 
guidelines for sustainable mixed-use communities. The sample base case scenario, which is located in Calgary, 
Canada, is intended to serve as a model for the design and analysis of energy efficient mixed-use neighbourhoods 
and as a reference against which the effects of design modifications are assessed in future research.  The energy 
simulations of different type of buildings indicate that detached and attached houses can achieve an energy positive 
status, under the given climatic conditions. Multi-story buildings such as apartment blocks and offices are capable of 
supplying only a small portion of their energy consumption. This is mainly due to the limited available roof surface 
relative to the occupied volume and energy demand. The analysis of the results demonstrates a mismatch between 
energy use and energy generation. This is particularly prominent in the summer months, were the peak generation is 
significantly higher than the use. Future stages of this research will aim at exploring neighbourhood design, various 
control strategies of peak loads, variation of energy generation profiles, and thermal storage as a mean to reduce 
heating loads at critical time (e.g. in the morning and the evening).  
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